Hearing loss is one of the most common conditions related to aging, and previous descriptive evidence links it to early exit from the labor market. These studies are usually based on self-reported hearing difficulties, which are potentially endogenous to labor supply. We use unique representative data collected in the spring of 2005 through in-home interviews. The data contains self-reported functional and clinically-measured hearing ability for a representative sample of the Danish population aged 50-64. We estimate the causal effect of hearing loss on early retirement via disability benefits, taking into account the endogeneity of functional hearing. Our identification strategy involves the simultaneous estimation of labor supply, functional hearing, and coping strategies (i.e. accessing assistive devices at work or informing one's employer about the problem). We use hearing aids as an instrument for functional hearing. Our main empirical findings are that endogeneity bias is more severe for men than women and that functional hearing problems significantly increase the likelihood of receiving disability benefits for both men and women. However, relative to the baseline the effect is larger for men (47% vs. 20%, respectively). Availability of assistive devices in the workplace decreases the likelihood of receiving disability benefits, whereas informing an employer about hearing problems increases this likelihood.
Introduction
Hearing loss is one of the most common chronic health conditions of adulthood, affecting around 16 percent of the adult population (Shield, 2006) . Its prevalence rises steadily with age and increases steeply from about age 55 (Ries, 1994) , so that almost a third of the 50-plus population has some degree of hearing difficulty. With population aging and the younger generation's increased exposure to noise via media consumption, concert attendance, and the use of headphones, ear buds, and Bluetooth devices, the prevalence of hearing problems can be expected to escalate in the future (Meyer-Bisch, 2009; Holgers and Pettersson, 2005) .
Growing empirical literature has established a connection between subjective well-being and hearing impairment (Ciorba et al., 2012; Böckerman et al., 2011; Saarni et al., 2006) . Because hearing loss affects the fundamental human ability to communicate, it impacts not only the hearing-impaired individual but also his or her quality of social interactions, and-depending on the severity of the disability-can result in feelings of frustration, low self-esteem, and social isolation (Kochkin and Rogin, 2000; Crandell, 1998) .
In terms of work life, having a hearing impairment can result in the loss of job function and lowered job satisfaction. A potential consequence can be reduced interactions with colleagues, as the vast majority of jobs these days require communication skills and the ability to engage in discussions and dialogue with colleagues, customers, and/or collaborators. Indeed, where job satisfaction is concerned good interpersonal relationships have been shown to play an important role (Clark, 1998) . A great deal of research shows that people with hearing impairments are more likely than people without such problems to be unemployed or take early retirement (Ries, 1994; Christensen, 2006a; Kochkin, 2005) . Receipt of disability benefits is one form of early retirement that is likely to be influenced by loss of job function and lowered job satisfaction caused by hearing problems.
With aging populations, maintaining a high employment rate for the older age groups, as well as redistribution of work, is a pressing challenge for the future. In Denmark, the ratio of the population aged 65 and over to the population aged 20-64 is predicted to increase from 30% in 2012 to 43% in 2050 (OECD, 2015) . A deeper understanding of the pathways to receipt of disability benefits and the ways to counteract these processes with strengthened incentives to carry on working along with improved employability of older workers appear to be crucial.
The aims of this paper are threefold: Firstly, we seek to investigate to what extent hearing difficulties cause early retirement through the take-up of disability benefits. In Denmark, disability benefits are granted to people who are unable to work or support themselves due to physical, psychological, or social reasons. Since a recipient is only allowed a highly limited labor income in addition to the benefits, the receipt of disability benefits is equivalent to an early exit from the labor market (Ministry of Social Affairs, 2005) . Given that it is difficult to become eligible for disability benefits solely on the grounds of a hearing impairment, we hypothesize that the main effect of a hearing difficulty will be a higher probability of applying for disability benefits for the hearing impaired compared to those with normal hearing. Loss of hearing is often combined with other chronic health conditions (Bainbridge et al., 2008; Hull and Kerschen, 2010) and the added effect of a hearing impairment on top of another type of chronic illness could potentially lead the individual to experience exacerbated levels of stress and a diminished quality of life (Kramer et al., 2002) . The added effect of a hearing impairment can thus be the straw that breaks the camel's back in terms of pushing people out of the labor market.
Secondly, we are interested in the methodological issues of bias that arises when self-reported measures of hearing are introduced into labor supply equations. Self-reported hearing-for example, individual-reported functional hearing difficulties-is likely to be endogenous to labor supply. Therefore, its estimated effect on disability exit will be biased upwards, if those with low work preferences also report hearing problems as a justification for withdrawing from the labor market (see the literature on justification bias and self-reported vs. objectively measured health in retirement models by Stern, 1989; Bound, 1991; Baker et al., 2004; Datta Gupta et al., 2010 . To circumvent this potential problem of endogeneity, we simultaneously estimate the receipt of disability benefits and functional hearing, using hearing aids as an instrument for the latter. Hearing aids only impact the receipt of disability benefits indirectly via their impact on functional hearing, but do not have any direct impact on the receipt of disability benefits.
Thirdly, we examine the relative effects of the use of different coping strategies on labor force participation. These strategies include: informing one's employer about hearing difficulties and the availability of different assistive devices at work, such as phone amplifiers or wire loops. Since informing one's employer may also be endogenous to labor supply, we simultaneously estimate a three-equation model of disability pension receipt, functional hearing, and coping strategies.
We use a unique Danish survey dataset containing questions about labor force participation, work experience, health, and functional hearing difficulties. We conducted the survey in the spring of 2005 through in-home interviews. In addition to answering the survey questions, all respondents underwent a clinical audiometric hearing test. A total of 2407 respondents between the ages of 50-64 participated. The respondents constituted a survey sample that approximately represents the Danish population within this age group. Section 2 of the paper addresses the use of coping strategies and associated gender differences. In Section 3, we describe the details of the dataset, including our definition of hearing disability and the measurements we access. In Section 4, we present our empirical model, and we discuss our estimation results in Section 5. Section 6 concludes.
Coping strategies
Alternative coping strategies, such as the availability of assistive devices, or informing people in one's social settings about one's hearing disability, can be used to overcome the difficulties and barriers resulting from a hearing loss. Hearing impairments, however, are often associated-in a prejudicial way-with being physically old or mentally slow. Because of these stigmas, many hearing-impaired persons are reluctant to acknowledge or recognize their own hearing problems (Martin et al., 2000; Hétu et al., 1990) . They may also hesitate to order or use hearing aids, despite having acknowledged hearing deterioration (Espmark et al., 2002; McCormack and Fortnum, 2013; Meyer and Hickson, 2012) . Indeed, concealment of the impairment (since it is not visible) seems to be a coping strategy used by many people with hearing impairments. This strategy, however, does not resolve the communication difficulties. Instead, the hearing-impaired person's co-workers and colleagues might perceive the individual as being arrogant or aloof because he or she does not always respond as expected, which may further lower productivity and job satisfaction.
There appear to be large gender differences when it comes to hearing ability and coping strategies. Men generally tend to be affected by hearing problems earlier in life and more severely than women (Sininger et al., 1998) . To a large extent, this is due to gendered occupational segregation, with men more often working in noisy environments. Additionally, men and women seem to be affected by hearing problems in different ways (Christensen, 2006a) , and their preferred coping strategies differ. For example, women more often than men inform others and use verbal strategies (Hallberg, 1996; Garstecki and Erler, 1998) . Furthermore, studies show that men are often more unwilling to acknowledge their hearing difficulties (Hétu et al., 1990; Kricos 2000) .
Data and approach

Survey data
In this study, we use a survey data set including 2407 respondents. The data set is representative of the Danish population between 50 and 64 years of age. Personal information on roughly 3000 people in that age range was drawn from Statistics Denmark's administrative data registries, using the central person registry number, which ensures a representative population sample within the chosen age group. Out of the 3000 individuals in the sample, we obtained answers from 2407, yielding a response rate of 80 percent. There is a slight overrepresentation of older respondents and respondents with a higher education level compared to the general Danish population within the corresponding age group. However, there is no indication of a bias regarding hearing impairment (Christensen, 2006b) .
The survey, which we conducted in the spring of 2005 through in-home interviews, poses questions about current employment and receiving public benefits as income replacement, as well as an array of questions concerning health and health status. All respondents underwent an audiometric hearing test after the interview was concluded (see Christensen, 2006b for further details on the data collection).
In this study, we include only people on the labor market and those receiving disability benefits. Therefore, we exclude 326 people on an early retirement scheme, 21 people on sick leave, 5 people enrolled in an educational program, 65 housewives not working outside the home, and 5 persons with a missing response on labor market participation, leaving us with a data set containing 1985 respondents. Additionally, 9 respondents did not answer the questions about their functional hearing, while 35 respondents did not state either whether they are privately or publicly employed or their type of occupation. Therefore, the analyses are performed on a final data set containing 1941 respondents in our first model (1020 men and 921 women).
We choose to exclude people on an early retirement scheme because this form of exit from the labor market is voluntary and not usually health-related, whereas exit through disability benefits is most often involuntary in being due to health problems. If the early retirement outcome was to be included in the analysis, it should be modelled as a separate pathway, which would complicate the analysis further. We leave this issue for future analyses on a larger sample. Furthermore, people too sick to work are not eligible for early retirement, as full availability for the labor market is a precondition for receiving early retirement benefits (Ministry of Employment, 2006) . In 2005, the statutory retirement age in Denmark was 65 years, which explains why none of the respondents had retired at the time of the survey. At the age of 65, disabled persons were automatically transferred to the old age pension program.
Measurement of hearing disability
Previous research on hearing impaired persons based on representative data has mostly used self-reported hearing difficulties to identify hearing impaired persons (Ries, 1994; Kochkin, 2005) . This gives rise to two possible problems. Firstly, hearing disability might be measured erroneously due to the possibility of unacknowledged hearing loss in these studies, which may bias its effect on labor force participation downward towards zero. Secondly, a self-reported hearing problem could be endogenous to labor supply, as individuals may report hearing loss, for example, to justify collecting disability benefits.
Our data include both a subjective self-reported measurement of the respondent's functional hearing in everyday life and a clinical measurement of the respondent's average hearing threshold obtained through an audiometric hearing test without the use of a hearing aid. By using a combination of self-reported hearing ability and the results of an audiometric hearing test, we gain a better understanding of the effect of hearing problems on the application and allotment of disability benefits, in addition to being able to account for the bias that arises when measurements of hearing loss are merely self-reported. We are also able to detect and include people who are unaware of, or reluctant to acknowledge, their hearing loss. To our knowledge, no other studies have systematically addressed these issues, making this a more reliable and accurate study of the effects of hearing loss on labor supply than those in the previous literature.
The audiometric hearing test
Sounds vary according to intensity measured in decibels (dB), and frequency measured in hertz (Hz). A pure tone audiometry test provides information about the extent of hearing loss and the sound sensitivity of the respondent. In pure tone audiometry, the hearing threshold in dB is measured for each ear at frequencies of different Hz, varying from low pitch to high pitch, i.e. it is measured how many dB (how loud a sound) are needed in order for the respondent to be able to hear the tone at the different Hz. We measure the respondents' hearing at 500, 1000, 2000, and 4000 Hz; see Fig. 1 for an audiogram for a typical individual in our sample. In order to categorize the hearing level, we find the average hearing threshold (dB needed) across the different frequencies and use the average for the better ear (in the figure this is the right ear). If there is more than a 25 dB difference between the average thresholds for the two ears, we add 5 dB to the average threshold for the better ear, which is the standardized ISO method procedure (ISO, 1990) . The measure has a range from À10 dB to 90 dB. A 0 dB threshold average is considered to be normal hearing, a 45 dB threshold average as a moderate hearing disability, whereas a dB threshold average of 90 or more represents severe hearing problems. In Fig. 1 , the individual has a hearing threshold of 22.5 dB, which corresponds to a very mild hearing disability. We choose to operate with the full continuous measure in order to exploit all available information in the data. However, in a robustness test we use an alternative definition of clinically measured hearing loss as a binary measure (=1 if >45 dB threshold, = 0 otherwise).
Most people lose their hearing ability in the high frequencies first (Toh et al., 2002) . In normal speech, 70% of the information lies in the area above 1000 Hz. Therefore, being able to hear high frequencies is very important for understanding speech. Because having good hearing in the lower frequency areas does not compensate for the loss of hearing in the higher frequency areas (Pavlovic, 1987) , we use an average of the dB hearing level at only 2000 and 4000 Hz in our estimations. For the data in Fig. 1 , this would yield an average of 30 dB, which corresponds to a mild hearing disability. We believe that using this method allows us to obtain the most accurate picture of the populations' hearing abilities. The threshold average with measurements at 2000 and 4000 Hz only also has the strongest correlation with the receipt of disability benefits (see Table A1 in Appendix A).
Although audiometric procedures such as pure tone audiometry provide information about the extent of hearing loss and sound sensitivity, these procedures do not necessarily reflect the actual problems that people with a hearing impairment experience in daily life. Hearing problems can take on many forms, resulting also from perceptive or cognitive difficulties. Furthermore, hearing loss can be experienced very differently by different persons. Therefore, just as self-reported health might capture real health more precisely than objective health measures, self-reported functional hearing in daily life becomes a useful supplement or alternative to the more objective clinically obtained measures, such as pure tone audiometry.
Functional hearing in daily life
Respondents were posed six different questions about their daily life experiences with their hearing. The questions were: 1) "Do you find it difficult to hear someone talking loudly in a quiet room?" 2) "Do you find it difficult to hear someone talking at a normal voice level in a quiet room?" 3) "Do you have difficulties following a conversation when there is background noise?" 4) "Can you watch a television program at a volume that is acceptable for others?" 5) "Are you able to hear a telephone or doorbell ring?" and 6) "Do you hear well enough to use a normal telephone?" We then constructed an index ranging from 0 to 6, measuring the level of hearing difficulties in daily life, with 0 representing no hearing problems and 6 representing severe hearing problems.
For respondents with hearing aids, the self-reported and more subjective component allowed them to answer based on their experiences of hearing with their hearing aids.
Most people with a lowered hearing sensibility as measured in the audiometric hearing test will also be affected by it in their everyday life. We therefore see a significant correlation between the two measurements (Table A2 in Appendix A). The crosstabulation between the number of functional problems and clinical hearing levels in Table A2 in Appendix A shows an increasing share with multiple problems as measured hearing worsens. However, some individuals do not seem to be affected in everyday life by their lowered sound sensibility, whereas others seem to have problems with their hearing in everyday life, even though we do not measure them as having hearing loss in the audiometric hearing test. This underlines the importance of including both measurements in our estimations.
Coping strategies
In our survey, individuals who acknowledge their hearing problem are presented with a number of different questions relating to coping at the workplace. First, we ask if they have informed their employer about their disability. Second, we ask about the availability of assistive devices such as wire loops, phone amplifiers, text phones, or interpreters at work. The hypothesis is that the use of these coping strategies will affect labor market attachment, given that they can alleviate some of the hearingrelated problems experienced at the work place. However, these questions do not influence measured functional hearing, since the coping strategies included here are related to the workplace only and do not affect daily life experiences. Even though the act of telling ones employer may be a way to relieve functional hearingrelated problems in some situations, it will not affect the measurement of general functional hearing used in this analysis, as the questions used to measure functional hearing all focus on regularly experienced situations that are not subject to individual coping strategies. Hearing a telephone or doorbell ring and hearing someone talking loudly in a quiet room are everyday situations encountered by us all. Respondents should therefore have answered these questions based on their everyday experiences and not based on situations where assistive devices are available at work, or where they have informed their employer about the problem, who in turn has potentially instructed the individual's coworkers to accommodate the problem. Having a hearing aid is not considered a coping strategy, as it will affect functional hearing; i.e. a hearing aid should help the user to be able to hear a doorbell ring or watch a television program at a volume acceptable for others. Thus, we make a distinction between how coping strategies affect behavior and hearing problems vis-à-vis how hearing aids affect behavior and hearing problems. Coping strategies, thus, are envisioned to affect the probability of remaining at work but not the functional hearing measure.
Descriptive statistics of the sample are shown in Table 1 , separately by gender. While 10.7% of the men in our sample are receiving disability pension, the figure is higher for women, at 17.4% -a known feature of the Danish labor market. 18% of men and 15% of women report functional hearing difficulties, again in accordance with the overall finding that more men than women get hearing problems. Measured clinically, the average male in our sample has poorer hearing than the average female in the sample, 25 DB vs. 18 DB. Questions related to the next set of factors are only presented to persons with a hearing problem. Here we see that 36% of men with hearing loss possess a hearing aid compared to 33% of women, that 12% of such men have access to assistive aids at their jobs, while only 3% of such women do so, and that men have had their hearing loss for 18 years compared to 16 years for women. Men and women have informed their employers at about the same rate, while men are slightly more likely to have informed their surroundings about the problem. The control variables such as age, education, occupation, and sector draw a picture of a segregated labor market where men are slightly older, have both more vocational education but also more long cycle education and are more likely to work in blue-collar jobs and in the private sector. 3 The respondents have been asked whether they have problems with: 1) their back or neck, 2) their arms or hands; 3) their legs or feet; 4) their heart, blood pressure or blood circulation; 5) skin conditions or allergies; 6) breathing difficulties; 7) blindness or restricted vision; 8) their stomach, liver, kidneys, or digestion; 9) dyslexia; 10) other long-term health issues; 11) depression or psychiatric disorders; 12) diabetes; 13) other types of progressive diseases; 14) speech difficulties; 15) epilepsy. No respondents have more than 10 of the health problems, which is why the scale only ranges from 0 to 10.
Finally, men report 1.8 and women 2.2 health problems from the list reported in footnote 3 in Table 1 .
Estimation
The basic model for receipt of disability benefits
As our first question, we wish to examine to what extent hearing difficulties influence early retirement through disability benefits. About 7.5% of the Danish population between the age of 18 and 67 years receive disability benefits. In the granting of disability benefits, the applicant's work capacity is evaluated in relation to his/her physical resources, the possibility of the condition improving, and any barriers faced on the labor market. An applicant's work capacity has to be permanently reduced and to an extent that he or she would not be able to hold a job or be selfsupporting, no matter what kind of support or aid was offered in the job.
However, the receipt of disability benefits is the result of two processes: First, the individual's decision to apply, and second, the allotment by awarding authorities (see e.g. Bound and Burkhauser, 1999; Kreider, 1990; Kreider and Riphahn, 2000; Benítez-Silva et al., 2004 where these processes are simultaneously modeled). Thus, denoting the receipt of disability benefits asd:
We hypothesize that having hearing difficulties will increase the probability of applying for disability benefits because of the difficulties experienced in the workplace and a generally lowered level of well-being. When applying for disability benefits on the grounds of a hearing disability, a medical diagnosis of the impairment will be required. Although a hearing disability will seldom be grounds enough in itself for granting disability benefits, hearing problems in conjunction with other health or social problems can contribute to a diagnosis of overall reduced working capacity that is sufficiently severe to keep the individual out of the labor force.
We denote hearing impairment measurements c and f for the clinically obtained hearing test measurement and functional measurement, respectively. If functional impairmentf is measured perfectly, we should not expect the audiometric hearing test results c to have a strong impact on early retirement through disability benefits d. To test this assumption, our first model includes the effect of a functional hearing impairment only on the receipt of disability benefits, leaving out the clinically measured hearing level. The vector x is a vector of personal characteristics such as age, health, and educational background, while e is the residual representing any unobserved factors. If functional hearing is exogenous, then b f f can be interpreted as a consistent estimate of the true effect of a hearing impairment on the receipt of disability benefits. We conduct the analysis separately for men and women.
In practice, however, the clinically-measured hearing c might affect disability benefits d due to any divergence between the two measurements. Eq. (2) therefore shows our expanded model of the effect of a hearing impairment on the receipt of disability benefits, also including the clinically obtained hearing test measurement.
Previous research has shown a connection between health problems and hearing problems (Dalton et al., 2003; Pope and Sowers, 2000) . This interaction is supported by the fact that certain medications prescribed to cure specific health issues can cause hearing problems as a side effect. We have therefore chosen to include an interaction effect between clinically-measured hearing and other health problems, ch. We do not include an interaction term between the functional and the clinically-measured hearing, since the two measures affect the receipt of disability benefits through different channels. The first is expected to increase the likelihood of applying for the benefits-you apply if you are bothered by your impaired hearing-whereas the latter influences the chance of being granted disability benefits as measured by a clinical test.
Endogeneity of functional hearing
The self-reported measure can be endogenous because individuals may report hearing loss, for example, to justify receiving disability benefits, though only very few respondents in this study report that their hearing problems have led to or affected their exit from the labor market. Clinical hearing loss, on the other hand, is objectively measured and therefore cannot be endogenous to labor outcome via any form of rationalization, nor is there likely to be reverse causation. However, it may be systematically affected by certain characteristics, if e.g. individuals with low education are more likely to hold a noisy job and thereby more likely to acquire hearing loss (Nelson et al., 2005) . Controlling for age, gender, education, sector of work, and occupation (blue and white collar), accounts for the main systematic differences between individuals with low or high clinical hearing (Agrawal et al., 2008) .
We therefore supplement Model 2 by estimating a linear simultaneous model of the receipt of disability benefits and functional hearing, accounting for the possible endogeneity of the functional hearing measure. This leads us to the following model:
This model is identified by the assumption that possession of a hearing aid, a, and age*age, s, are only correlated with disability exit, d, through functional hearing and not independently. Thus, we propose the possession of a hearing aid and age*age as instruments in order to obtain the causal effect of a hearing impairment on the receipt of disability benefits.
Possession of a hearing aid does not depend on income, as it is granted free of charge by the Danish Government to all people with hearing loss irrespective of income or labor market status (National Board of Health, 2007) . When applying for disability benefits on the grounds of reduced hearing, the applicant is required to undergo an independent audiologist-administered hearing test. The hearing tests are performed without the use of a hearing aid (Ministry of Social Affairs, 2006; Ministry of Employment, 2002) . Therefore, using a hearing aid is irrelevant for the granting of disability benefits, making it a valid instrument in our estimations. The use of a hearing aid does, however, reduces hearing difficulties, i.e. affects functional hearing, f.
Hearing loss prevalence and severity increase steadily with age, but escalate sharply at about age 55 (Ries, 1994) . Therefore, age*age might give a better estimate of the correlation between age and functional hearing than linearly measured age. Even though the receipt of disability benefits also increases with age, there is no sharp escalation at age 55. Starting at age 60, most individuals have the option of receiving early retirement benefits and will therefore choose this over disability benefits if possible. National figures from 2007 show no jump in the disability incidence occurring in the 50 s age bracket for either men or women (Ankestyrelsen, 2007) . Age*age should therefore not influence the receipt of a disability pension.
The vector x is a vector of the personal characteristics influencing both the receipt of disability benefits and functional hearing, i.e. age. Clinically measured hearing, c, is thought to affect both the receipt of disability benefits and functional hearing. The model also allows for correlations between the error terms e and u.
Coping strategies
We address the question of coping strategies and their influence on the receipt of disability benefits by including two types of coping strategies in the model: informing one's employer, i e , and the availability of assistive devices, m.
Since informing the employer is potentially endogenousbecause a hearing-impaired employee might tell his or her employer about having hearing difficulties when applying for disability benefits-we instrument it by whether or not hearingimpaired respondents usually inform surrounding persons of how best to communicate in order to assist the hearing-impaired person in following the conversation,i s , and by years lived with hearing loss, w. Furthermore, we include functional hearing, f, personal characteristics, x, and availability of assistive aids in the work place, m, in the equation.
Having applied for and been granted disability benefits, an individual might afterwards inform their employer about their hearing loss as a reason for terminating their employment. Therefore, informing the employer can be endogenous to the equation. However, after having been granted disability benefits there is no reason for the respondent to report having assistive devices at the workplace. Thus, reverse causation will not be an issue where the assistive devices are concerned. Furthermore, note that assistive devices at the workplace is not a choice variable. The individual is not being asked whether they requested such devices. The survey question simply concerns whether or not such devices are available at the respondent's workplace. This model is identified by the assumption that the strategy of informing one's social setting of the best way to communicate and number of years with hearing loss are correlated with informing employers, but not with functional hearing or the receipt of disability benefits.
We assume that some individuals are more open with regard to discussing their hearing difficulties, whether within their social settings or at their workplace. They have acknowledged their reduced hearing capacity and try to alleviate its consequences. In contrast, others may feel reluctant to talk about their impairment and will therefore also hesitate to inform their employer about it. Even though the act of informing others may be a way to improve functional hearing in some situations, it will not affect the measurement of functional hearing used in this analysis, given the type of questions that constitute the aggregated measurement of functional hearing. Respondents should have answered these questions based on their everyday experiences and not based on situations where friends are asked to speak louder or more clearly for the hearing impaired to be able to hear them. The receipt of disability benefits should not be correlated with this type of communication strategy because it refers to a general way of coping with one's hearing disability that is unrelated to one's work life or labor market attachment.
We also assume that individuals who have lived several years with their hearing loss will be willing to speak more openly about it than individuals with recent hearing loss. Again, years lived with a hearing loss should not be correlated with functional hearing, as the measurement refers to commonly encountered situations affected by current hearing ability, irrespective of how long the hearing loss has been present. In addition, it should not be correlated with the receipt of a disability pension, which should depend solely on the hearing ability at the time of application.
Possession of a hearing aid, a, should not be correlated with informing the employer, i e . On the one hand, individuals with a hearing aid will be more inclined to tell their employer about their hearing problems, because they carry a visible sign of them. On the other hand, research shows that hearing aid users are less inclined to use alternative coping strategies, such as openness, in relation to their hearing disability and instead rely solely on their hearing aid for relief (Cox et al., 2005) . Furthermore, we do not know whether people in possession of a hearing aid actually use it at their workplace, given that many individuals owning a hearing aid only use it occasionally (McCormack and Fortnum, 2013; Smeeth et al., 2002) , and when they do it is most often in the private sphere (Hallberg, 1996) . We include the availability of assistive aids in the workplace in the equation, since people wanting to use assistive devices should be more inclined to inform their employer, but on the other hand we do not know whether the devices are readily available for the employee to use without the knowledge of their employer.
The model allows for correlations between error terms e, u, and v. In all our estimations, we account for survey response filtering, since people who do not have or do not acknowledge their hearing difficulties are not asked about their coping strategies. The systems of linear simultaneous Eqs. in (3) and (4) are estimated via maximum likelihood using PROC CALIS in SAS.
Estimation results
The estimation results (linear probability models) for men are shown in Table 2 and those for women in Table 3 .
The effect of a hearing impairment on receipt of disability benefits
In all but one case in the four models, as expected, poor health significantly increases the probability of receiving disability benefits for both males and females by about 5-7 percentage points.
According to the results from the first model -in which the receipt of disability benefits is explained only by self-reported functional hearing and other individual characteristics, as in the previous literature -a hearing impairment has a statistically significant effect on the receipt of disability benefits for both genders. The likelihood of exit are increased by about 8 percentage points for men (rising slightly from Model 1 to 2, indicating an acknowledgement issue) and 7 percentage points for women. This result changes in the following models.
Comparing Models 2 and 3, accounting for endogeneity reduces the estimated parameter from 8.8 to 6.3 percentage points for men, while the estimated effect is unchanged for women, at 5 percentage points. Thus, endogeneity bias is more severe for men than women, suggesting that hearing problems may be used as a sort of rationalization by men on disability benefits. It could be the case that men feel a greater need than women to be able to justify their receipt of disability benefits based on clear health issues in order to live up to the common notion of masculinity and the role as the household breadwinner. The comparison of Model 2 to Model 3 is interesting because we identify the more policyrelevant local average treatment effect (LATE) of a hearing problem in Model 3 by way of the compliers (i.e., those whose functional hearing difficulties were improved by using a hearing aid), and this effect is different from the average treatment effect estimated in Model 2. The Davidson and MacKinnon (1993) augmented version of the Durbin-Wu-Hausman (DWH) tests we ran (available on request) show, for both men and women, the presence of endogeneity when residual functional hearing (based on Model 3 estimates) is included in addition to functional hearing and the other variables in the disability equation in Model 2. Including coping strategies in Model 4, not surprisingly, reduces the negative effect of functional hearing on disability exit to 5 percentage points for men and 3.5 percentage points for women. The effect sizes are 47% and 20% of the baseline probability of disability for men and women, respectively. Here also, we cannot rule out endogeneity of informing the employer for both men and women, judging by the importance of the residual of informing the employer (based on Model 4 estimates) in the disability equation in Model 3, when it is estimated alongside the other variables (including informing the employer).
The results differ somewhat between the two genders, when it comes to the effect from a clinically-measured hearing impairment. Where a functional hearing problem affects the receipt of disability benefits, a clinically-measured hearing impairment does not have any effect for men, not even when interacted with health. Other controls show the expected effects-age significantly increases the likelihood of disability exit, higher levels of education relative to basic education lower it, as does white-collar work relative to blue-collar work. Note that we refrain from including income or some measure of the expected benefits stream from disability, due to concerns of endogeneity. Instead, our approach is to assume that the covariates of age, education, occupation, and sector by gender are good proxies for income in a setting with lowincome dispersion. Our instrument-having a hearing aid-is found to be significantly positively related to functional hearing problems at the 1% level, with an estimate of 0.276 for men. We see somewhat different results for women. On the one hand, a functional hearing problem significantly affects the receipt of disability benefits and increases women's likelihood of receiving disability benefits by 3.5 percentage points. On the other hand, a clinically-measured hearing impairment in itself decreases women's likelihood of receiving disability benefits. In combination with other health problems, however, it increases the likelihood by 0.09 percentage points for every 1 dB increase accompanied by health problems (on a base of 17.8 dB). Therefore, a woman with, for example, two health problems will increase her probability of being on disability benefits with 1.8 percentage point for every 10 dB she gains in the average hearing threshold. Given that most women (and men) with a clinically-measured hearing impairment will also be functionally affected by it in their everyday life, the overall picture of hearing ability's effect on the receipt of disability benefits is still an increase in the probability of being on disability benefits. This result underscores the difficulties of being granted disability benefits on the grounds of hearing problems alone without the presence of other accompanying health issues, along with the fact that women without functional hearing problems or other types of health problems will not apply for disability benefits.
As found for men, older women and women with poorer health are significantly more likely to receive disability benefits, as are women with basic education compared to other educational groups, and women holding blue-collar jobs. Privately employed women are also more likely to receive disability benefits than publicly employed women. Here also, the instrument hearing aid is significantly positively related to the endogenous variable functional hearing problems at the 1% level with an estimate of 0.115. Table 3 Estimates for receipt of disability benefits for women. 
Coping strategies
We examine the effects on labor supply of using the two different coping strategies. Because we account for survey response filtering, these effects are estimated based solely on the individuals with a hearing impairment.
A positive finding is that the availability of assistive devices in the work place seems to significantly decreases the likelihood of receiving disability benefits by 20.5 percentage points for men. However, men who inform their employer about their hearing impairment have an increased likelihood by 6.6 percentage points, or 62% of the baseline, of receiving disability benefits. The instrument (i.e., informing people in one's social setting) is significantly positively related to informing an employer about the hearing problem at the 1% level with an estimate of 0.133. Moreover, the number of years with hearing loss is significantly positively related to informing the employer at the 1% level with an estimate of 0.006.
Turning to the results for women, we see a similar picture. The availability of assistive aids at work lowers women's probability of being on disability benefits by 32.5 percentage points-somewhat more than for men. As women's jobs-typically as school teachers or nurses in the public sector in the very segregated labor market in Denmark-rely more on communication skills, having assistive aids at work may increase their productivity differentially more than men's and may therefore explain the stronger effect on disability exit.
As is the case for men, women who inform their employer about their hearing difficulties have a higher probability of leaving the labor market. The effect is highly significant and rather large with an increase of 36.8 percentage points or 211 percent of the baseline, i.e. more than three times the effect found for men. Interestingly, the instrument-informing others of the best communication strategies-is estimated to be negatively related to informing the employer, though still significant at the 1% level (À0.126). The number of years with hearing loss is significantly positively related to informing an employer at the 1% level with an estimate of 0.017. Women thus seem to make a distinction between their general communication strategies and their employer relations, as opposed to men. To validate this result, previous research indicates that men and women have different patterns of interaction and network differently in the workplace, with men more often interacting and participating in networks with coworkers of higher positions, such as managers and supervisors (Brass, 1985) .
In this fullest specification, the cross equation correlations between (e,u), (u,v) and (e,v) in Eq. (4) are estimated to be positive, negative, and negative, respectively. That is, the unobservables between receiving disability and functional hearing are positively correlated; functional hearing and informing the employer are positively correlated and receiving disability and informing the employer are also negatively correlated, all of which appear plausible.
As the number of excluded instruments exceeds the number of endogenous variables in the system, a problem of overidentification is potentially present. To explore whether this is an issue, we present the estimated coefficients on the endogenous variables excluding each of the instruments in turn. The results are shown in Table A3 and A4 in Appendix A. We find that the estimated effect of functional hearing on disability exit is positive and significant and unaffected by whether age*age or hearing aid is excluded. The coefficient on informing the employer is positive and highly significant for both men and women under each of the instrument configurations, although the effect is larger for men when Years with loss is excluded and larger for women when Information is excluded. The gender difference found earlier is present in all cases and shows that informing the employer raises women's probability of disability exit considerably more than it does men's.
Robustness checks
The aim of our analysis is to take into account the endogeneity of functional hearing in labor supply equations by estimating a three-equation system, simultaneously modelling disability exit, functional hearing, and the coping strategy of informing the employer. We used the possession of a hearing aid as a unique instrument for functional hearing and years with hearing loss as a unique instrument for the outcome of informing the employer. Finding unique instruments is a difficult exercise, given that we have a limited survey at our disposal, and one that was not designed with this analysis in mind. As we argued above, possessing a hearing aid is not expected to affect the likelihood of being granted a disability pension. In addition, years with a hearing loss contributed only to the third equation and not to disability, because, controlling for the current level of hearing, we assumed that the years with hearing loss would not affect the probability of being granted a disability. Still, in this section we relax these assumptions and report on a robustness test where we first include possession of a hearing aid alone, and then both possession of a hearing aid and years with hearing loss in the disability equation. As can be seen from Table 4 , the inclusion of these variables does not change our results for either the male or the female sample appreciably. Thus, looking at the third column where both measures are added together, reporting a functional hearing loss still increases disability exit, as does informing the employer, while accessing assistive aids at work reduces disability exit. The effect sizes are similar to those that we had found earlier.
Moreover, the relative magnitudes by gender are also close to the earlier results. Thus, for men the functional hearing effect relative to baseline is 53%, while it is 14% for women (previously, the effects relative to baseline were 47% and 20%, respectively). In terms of accessing assistive devices at work, again we see that the positive effects are of approximately the same magnitude for both men and women in relation to baseline. Furthermore, the result that informing the employer has more serious consequences for women with hearing loss is also seen here, although relative to baseline the gender gap is not as pronounced as what we had found earlier. However, since similar tendencies seem to be present when adding the possession of a hearing aid and years with hearing loss to the disability equation, we are satisfied that our results do not suffer from omitted variable bias arising from excluding these factors from the disability equation.
In another robustness test, we replaced the continuous clinical hearing loss measure with a 0/1 threshold measure described earlier. The estimates on functional hearing from this model are very similar to what we found earlier in Model 4, i.e. an increase in disability exit of 0.042 for men and 0.037 for women, corresponding to an increase relative to the baseline of 39% and 21%, respectively (results available from authors).
In yet another robustness test, we return to the original Model 4 in the first column and include the missing observations. Shifting from Model 1 to 2, we lost some individuals (11 men, 6 women) due to absence of measurements on clinical hearing. These individuals are now included by giving them the average clinical hearing level in their gender group. Moving from Model 3 to Model 4, a further 53 individuals were dropped (24 for men, 29 for women), due to missing values on having informed the employer and using assistive aids at work. In these two cases, we choose to fill in the missing information with zeros, since very few in the full sample, between 2 and 5%, have answered in the affirmative to these questions (Table 1 shows the means on these variables for those who have suffered a hearing loss). These changes bring the number of observations back to the original number in Model 1, i.e. 1020 for men and 921 for women. The last column in Table 4 shows the results for Model 4, including the missing observations. Comparing this column to the first column, we see that the results remain robust to including the missing observations in the analysis.
Finally, we test the overidentifying restrictions more formally via a Sargan-type test. Previously, Table A3 and A4 in Appendix A showed that estimates did not change appreciably for functional hearing when IVs were successively omitted, whereas, for the endogenous variable 'Informed the employer', there were some differences in the estimated effects when we alternated between the two IVs (years with hearing loss and informing one's surroundings). In Table A5 in Appendix A, we show the results for nR 2 (uncentered) from the auxiliary regression in which the residuals from the outcome equation are regressed on the instruments. The instruments employed for functional hearing are valid for both men and women at the 5% level, while the final row of Table A5 in Appendix A shows that instrument validity appears to be a concern for the endogenous variable 'Informed the employer'. However, they are valid at the 2.5% level for men and the 1% level for women in this equation.
Conclusion
With growing numbers of people being affected by hearing difficulties and due to an expected increase in the future due to population aging, estimations of the way this specific disability affects labor supply is not only important at the individual level for the hearing impaired, but also at the societal level, as many governments speculate about measures to increase the length of an individual's work life. We find that people with a hearing impairment have a higher probability of leaving the labor market and receiving disability benefits than people without hearing difficulties. Through the use of two different measurements of hearing abilities, we conclude that functional hearing, i.e. experienced hearing, difficulties play a substantial role in exits from the labor market, even over and above the more objective clinically-measured hearing abilities. Furthermore, it seems that hearing problems most likely increase the probability of applying for disability benefits, whereas the probability of being granted disability benefits is not affected to the same extent.
However, there are some gender differences in the results. First of all, endogeneity bias with regard to self-reported hearing difficulties is more severe for men than for women, suggesting greater rationalization among men for leaving the labor market via disability. In general, we see similar results concerning the effects of hearing problems on receiving disability benefits, but some differences when it comes to the use of coping strategies. Both genders-women slightly more than men-succeed in lowering their probability of receiving disability benefits quite substantially, when they have access to assistive devices in the workplace. In contrast, informing an employer about their hearing difficulties has a clear negative impact on labor market participation for both men and women, but the impact is considerably greater for women (i.e., increased exit probability of 36.8 percentage points for women vs. 6.6 percentage points for men). Furthermore, this difference arises even after controlling for characteristics of the individual's work, such as sector and blue or white collar. However, the part of our analysis regarding informing the employer suffers from some instrument validity concerns in the IV. The OLS estimates, however, show the same pattern, with women's exit being affected more than men's when informing the employer about the hearing loss, although the difference is not quite as large as in the IV.
A limitation to the study should be noted: the data used for the analyses is from 2005, and with the rapid technological advances regarding assistive devices in the last decade the negative effects of hearing loss on retirement could have diminished in recent years. However, recent studies conclude that, despite these technological advances and improvements in hearing aids, usage is still low and underuse is still a significant concern (McCormack and Fortnum, 2013) . Therefore, studying the effect of hearing difficulties on labor market exit still appears to be highly relevant, and has a potential for not only improving individual work life but also from a societal perspective. If hearing problems, even in part, contribute to people leaving the labor market early, precautionary measures to prevent this are necessary. These measures could be increased awareness among hearing impaired persons, colleagues, or employers, of the implications of hearing difficulties and ways to counteract them, or the availability and use of technological aids developed for hearing problems. Preventive measures against the development of hearing loss is equally important; the WHO estimates that more than 50 percent of hearing problems are preventable (WHO, 2015) . Noise exposure is one cause of hearing loss that can be prevented, and thus more efforts should be made to reduce exposure (both occupational and recreational). This could be done by raising awareness of the risks; encouraging the use of personal protective devices, such as earplugs and noise-cancelling earphones and headphones; educating about proper sound levels for personal listening devices; and developing and enforcing legislation and regulation regarding sound levels (WHO, 2015) .
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